Sensory neurons detect environmental signals with dendritic processes near the skin, but the molecules that direct dendritic outgrowth to this location are largely unknown. A new study identifies a diffusible cue that mediates interactions with the epidermis to guide dendritic branching. [2, 3] . In this issue of Current Biology, Diaz-Balzac et al. [4] adopt this powerful approach to discover that the growth-promoting factor LECT2/chondromodulin II acts as a secreted ligand for a specific receptor complex to define the stereotypical dendritic arbor of PVD sensory neurons in the nematode C. elegans. Sensory neurons in the skin respond to a wide array of external stimuli, including mechanical force, chemical agents and changes in temperature. Nociceptors, the sensory neurons that evoke painful sensations, may adopt highly branched dendrites that occupy discrete topical domains. Nociceptors are described as 'polymodal' because they typically respond to more than one noxious signal [5] . These fundamental features of sensory neurons are evolutionarily conserved and thus can be studied in simple organisms. In C. elegans, the PVD neurons, one on each side of the body, envelop the animal with a pair of highly branched dendritic arbors that respond to harsh touch, extreme temperature and hyperosmolarity [2, 6, 7] . Because the skin is transparent, this sensory network can be readily observed as it emerges during larval development by using fluorescent marker proteins (e.g., GFP) to illuminate PVD architecture. Initially, a single axon exits the cell body to innervate motor circuit targets in the ventral nerve cord. Next, 1 dendrites arise from opposite ends of the PVD soma to grow along the body axis. Successive orthogonal branching events then generate a series of treelike structures or 'menorahs' that are rooted in the primary dendrite and project toward either the dorsal or the ventral sides of the animal ( Figure 1 ) [8, 9] . The close proximity of PVD dendrites with the skin (called 'hypodermis' because it resides beneath a collagenous extracellular cuticle) is suggestive of a patterning role for the epidermis. This possibility was confirmed in the laboratories of Hannes Buelow (AECOM) and Kang Shen (Stanford) with genetic screens that independently discovered the components of a tripartite complex that directs PVD dendritic outgrowth on the skin [10, 11] . Mutations that disable the membrane proteins SAX-7 or Menorin/MNR-1 result in a highly disorganized PVD dendritic arbor that notably lacks terminal 4 branches. SAX-7 is the nematode homolog of L1-CAM/Neuroglian, which includes extracellular immunoglobulin (Ig) and fibronectin (FN) domains that are known to mediate protein-protein interactions. The mnr-1 gene, so named from its mutant phenotype of disrupted PVD menorahs, encodes a member of the FAM151 family of proteins that is also conserved in mammals but of previously unknown function. Both SAX-7 and MNR-1 are expressed in the nematode skin where their roles are required for PVD outgrowth. The mechanism of this effect is suggested by the striking localization of SAX-7 to a distinct pattern of orthogonal stripes that mirrors the geometry and placement of PVD dendritic branches (Figure 1) . The instructive role of SAX-7 was confirmed by the redirection of PVD dendrites to other nearby cells in which SAX-7 was experimentally misexpressed. The PVD partner for the SAX-7/MNR-1 complex was discovered in a separate screen that detected mutations in dma-1 [12] . This gene encodes a conserved membrane protein with a large extracellular sequence of leucine repeat domains. DMA-1 expression in PVD is required for dendrite outgrowth over the SAX-7-defined stripes. This effect is proposed to depend on the formation of a tripartite complex comprising DMA-1 in the PVD membrane and SAX-7 plus MNR-1 on the epidermal surface. Reconstitution experiments are consistent with this idea. Cultured cells that co-express MNR-1 and SAX-7 form aggregates with cells that are separately transfected with DMA-1. These interactions neatly explain the precise localization of PVD dendrites with the pre-patterned array of SAX-7-labeled stripes in the epidermis [10, 11, 13] . PVD outgrowth, however, requires modulation of this interaction as dendrites exit one SAX-7-labeled domain to enter another. This transition is mediated by temporal downregulation of DMA-1 at the cell surface by the Furin-domain protein KPC-1 [14] .
Despite the evidently robust function of the SAX-7/MNR-1/DMA-1 tripartite receptor complex in directing dendritic outgrowth, new evidence reported by Diaz-Balzac et al. [4] in this issue suggests that the soluble cue LECT-2 is also required and likely acts as an additional component of this multisubunit structure. This surprising conclusion was initially suggested by the phenotype of lect-2 mutants, which is virtually indistinguishable from the disrupted PVD architecture of mnr-1 and sax-7 animals. Moreover, double mutants of lect-2 with either mnr-1 or sax-7 were no worse, which points to shared roles for all three components in PVD dendritic outgrowth. Diaz-Balzac et al. [4] determined that LECT-2 is normally secreted from body muscle Left: PVD neurons grow out on the inner surface of the skin and terminate with quaternary branches adjacent to underlying body muscles. Orthogonal stripes of SAX-7 guide PVD branching. Middle: PVD branching is disrupted in lect-2, mnr-1 and sax-7 mutants. Ectopic expression of MNR-1 in muscle induces a 'baobab tree'-like branching defect that requires LECT-2. Right: LECT-2 is secreted from muscle to stabilize the ligand-receptor complex that mediates PVD branch interaction with the epidermis.
cells. In addition, a GFP-tagged LECT-2 protein labels the SAX-7-marked stripes on the epidermis, and this effect requires sax-7. Finally, the results of a clever in vivo misexpression experiment are strongly suggestive of a local role for LECT-2 in mediating PVD dendritic outgrowth in concert with MNR-1. Ectopic expression of MNR-1 in body muscle cells effectively traps PVD dendrites to produce a tangled array of branches in the adjacent region. This striking 'baobab tree' phenotype is eliminated by genetic ablation of lect-2 ( Figure 1 ). On the basis of these results, the authors propose that LECT-2 functions as a fourth component of the SAX-7/MNR-1/DMA-1 receptor complex. LECT-2 is thought to enhance the overall affinity of this protein complex because previous experiments in heterologous cells had shown that SAX-7 and MNR-1 can bind to DMA-1 in the absence of LECT-2 [10, 11] . Although the validity of this model awaits the results of quantitative biochemical measurements, it is an intriguing idea. Perhaps the proposed role of LECT-2 strengthening dendritic interactions with the skin promotes the orthogonal turn of PVD tertiary dendrites as they exit the laterally placed axial SAX-7 stripes to generate the terminal quaternary branches that insinuate themselves between the skin and body muscle cells [13, 15] in which LECT-2 is expressed. This idea of an instructive role for LECT-2, however, is confounded by the finding in this work that LECT-2 secretion from several other cell types was sufficient to restore normal PVD dendritic outgrowth [4] . The conclusion that LECT-2 therefore functions strictly as a permissive cue that simply must be available for productive interactions between PVD dendrites and the epidermis is surprising but not without precedent. The secreted cue Netrin/UNC-6, which directs axon outgrowth as a directional signal, acts instead as a permissive cue to prevent PVD dendrites from overlapping one another in a selfavoidance mechanism [16] . The LECT-2 protein includes a conserved M23 domain that functions as the catalytic site in a family of prokaryotic peptidases that cleave glycyl-glycine peptide bonds in the bacterial cell wall. The PVD dendritic outgrowth function of LECT-2 is disabled by missense mutations that alter key conserved residues in the M23 domain, but further work is required to determine if LECT-2 enzymatic activity is involved [4] . The mammalian LECT2 protein was originally identified as a chemotactic and growth factor [17, 18] , but its M23 domain lacks peptidase activity and may function strictly as a protein-protein interaction domain [19] . Intriguing recent evidence implicates mammalian LECT2 in dendrite outgrowth [20] . The fact that all four of the proposed components of the nematode dendritic receptor complex -SAX-7, MNR-1, DMA-1 and LECT-2 -are conserved in mammals suggests the exciting possibility that the important goal of determining the role of LECT-2 in shaping complex neural networks in the vertebrate brain can be greatly aided by investigating its function in a much simpler nervous system.
